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(54) SILICA MESO-STRUCTURE THIN FILM, MESOPOROUS SILICA THIN FILM AND THEIR FORMATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a mesoporous thin film which does 
not crack over a wide range by disposing a meso-structure thin film on a 
single crystal substrate with the orientation in which the atomic arrangement 
on the siirface has diad symmetry. 

SOLUTION: A substrate holder 23 made of acid-proof Teflon is put in a 
Teflon vessel 21 and a single crystal substrate 25 with orientation in which [ 
atomic arrangement in the surface has diad symmetry (e.g. a single crystal 
having a diamond type structure typified by silicon) is held. An aqueous 
surfactant solution is adjusted to about &le;pH 2 at which Si02 has an 
isoelectric point by mixing with an acid such as hydrochloric acid and the 
solution is further mixed with a silicon alkoxide such as tetraethoxysilane. 
The resulting reactive solution is introduced into the vessel 2 1 and held at 
about 60- 100*^0 for about several hr to several months to deposit the 
objective silica meso-structure thin film on the substrate 25. The film is 
washed with pure water and dried in air to obtain the objective silica 
mesoporous thin film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 ♦*** shows the word which can not be translated. 
3. hi the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] The silica meso structure thin fihn characterized by arranging the meso structure thin fihn on the single crystal substrate 
of a direction where the atomic arrangement in a front face has symmetric property twice, 

[Claim 2] The silica meso structure thin fihn according to claim 1 whose single crystal substrate of a direction where the atomic 
arrangement in the aforementioned front face has symmetric property twice is a substrate (1 10) of the single crystal which has a 
diamond type structure or a zincblende structure. 

[Claim 3] The silica meso structure thin fihn according to claim 2 or 3 whose aforementioned single crystal material is silicon or a 
gallium arsenide. 

[Claim 4] The silica meso porous thin film characterized by arranging the meso porous thin fihn on the single crystal substrate of 
a direction where the atomic arrangement in a front face has symmetric property twice. 

[Claim 5] The silica meso porous thin film according to claim 3 whose single crystal substrate of a direction where the atomic 
arrangement in the aforementioned front face has symmetric property twice is a substrate (1 10) of the single crystal which has a 
diamond type structure or a zincblende structure. 

[Claim 6] The silica meso porous thin fihn according to claim 4 or 5 whose aforementioned single crystal material is silicon or a 
galhum arsenide. 

[Claim 7] The creation method of the silica meso structure thin fihn characterized by forming a meso structure thin film in the 
creation method of the silica meso structure thin fihn which understands a silicon alkoxide an added water part and creates it 
under existence of a surfactant under an acid condition on the single crystal substrate of a direction where the atomic airangement 
in a front face has symmetric property twice. 

[Claim 8] The creation method of a silica meso structure thin fihn according to claim 5 that the single crystal substrate of a 
direction where the atomic arrangement in the aforementioned front face has symmetric property twice is a substrate (1 10) of the 
single crystal which has a diamond type structure or a zincblende structure. 

[Claun 9] The creation method of a silica meso structure thin fihn according to claim 7 or 8 that the aforementioned single crystal 
material is silicon. 

[Claim 10] The creation method of a sihca meso structure thin fihn according to claim 7 or 8 that the aforementioned smgle 
crystal material is a gallium arsenide. 

[Claim 1 1] The creation method of the silica meso structure thm fihn according to claim 7 to 10 which holds the aforementioned 
single crystal substrate in the reaction solution which has the aforementioned surfactant and a silicon alkoxide. 
[Claim 1 2] The creation method of a silica meso structure thin fihn given in seven to claim 1 0 term which holds the 
aforementioned single crystal substrate so that the reaction solution front face which has the aforementioned surfactant and a 
silicon alkoxide may be touched. 

[Claim 13] The creation method of a silica meso structure thin fihn according to claim 7 to 12 that one [ at least ] front face of the 
aforementioned single crystal substrate is ground. 

[Claim 14] The creation method of the silica meso structure thin fihn according to claun 9 which performed processing which 
removes the oxide layer of the aforementioned single crystal substrate front face with a hydrofluoric-acid solution before making 
the aforementioned reaction solution contact. 

[Claim 1 5] The creation method of the meso porous silica thin fihn which removes a surfactant and is made into structure in the 
air by calcinating the silica meso structure thin film created by the method of claims 7-14. 

[Claim 1 6] The creation method of the meso porous silica thin fihn which removes a surfactant from the silica meso structure thin 
fihn created by the method of claims 7- 14 by solvent extraction, and is made into structure in the air. 

[Claim 17] The creation method of the meso porous silica thin fihn which removes a surfactant from the silica meso structure thin 
fihn created by the method of claims 7-14 with the fluid of the super-critical state, and is made into structure in the afr. 
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Japan Patent Office is not responsible for any 
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DETAILED DESCRIPTION 


Petailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to formation to the substrate of the meso porous body by 
which pore structure was controlled in more detail in relation to application of the inorganic-oxide porous body used for a 
catalyst, an adsorbent, etc. 
[0002] 

[Description of the Prior Art] The porous material is used in various fields, such as adsorption and separation. According to the 
International Union of Pure and Applied Chemistry, a porous body is classified into meso porous and macro porous 50nm or 
more porous pore size is micro porous 2nm or less and 2-50nm. a micro -- zeolites, such as a natural aluminosilicate and a 
synthetic aluminosilicate, metallic phosphate, etc. are known by the porous porous body These are used as a reaction container of 
the alternative adsorption using the size of pore, configuration alternative catalytic reaction, and molecule size. 
[0003] ** by which pore size is about 1 .5nm at the maximum, and composition of a solid-state with a still bigger path cannot 
stick to a micro pore in the micro porous crystal reported in order to perform adsorption of a high compound and a reaction, it 
is an important technical problem Although silica gel, pillar-ized clay, etc. were known as matter which has such a big pore, in 
these, the distribution of pore size was large, and control of pore size was a problem. 

[0004] The composition of a meso porous silica which has the structure which the meso pore to which the path was equal 
arranged in the shape of [ of a bee ] a nest was developed by two methods different ahnost simultaneous in such a background. 
One side is matter called MCM-41 which are made to understand the alkoxide of silicon an added water part, and are 
compounded to the bottom of existence of a surfactant which is indicated by the 359th volume 710 pages of Nature, and another 
side is matter called FSM- 1 6 which are made to intercalate alkylammonium between the layers of the money dynamite which is a 
kind of a stratified silicic acid which is indicated by 1993-volume 680 pages of Joumalof Chemical Society Chemical 
Communications, and are compounded. These both are considered that the aggregate of a surfactant serves as mold and structure 
control of a silica is performed. ** by which these matter does not go into the pore of a zeoHte ~ it is not only a material very 
useful as a catalyst over a high molecule, but the application to high-performance material, such as an optical material and 
electronic material, is considered 

[0005] When applying the meso porous porous body which has such regular pore structure to high-performance material fields 
other than a catalyst, the technology of holding such material uniformly on a substrate is important. As a method of creating a 
uniform meso porous thin fikn on a substrate, there are a method by spin coat which is indicated by 1 996-volume 1 149 pages of 
Chemical Communications, for example, a method by DIP coat which is indicated by the 389th volume 364 pages of Nature, a 
method of depositing a fihn on a solid-state front face which is indicated by the 379th volimie 703 pages of Nature, etc. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there was a trouble which is described below in the creation method of the 
meso structure thin fihn of these former. That is, in the case of a spin coat fihn etc., there is no directivity of the meso structure 
covering the whole fihn, and orientation of the pore cannot be carried out. Moreover, the substrate dependency of the fihn which 
is formed in the case of the method of on the other hand depositing the meso structure on a substrate is large, and formation of a 
flat fihn with directivity is restricted to a substrate like the cleavage plane of a mica or graphite, and these substrates will be hard 
to be called desirable substrate, if size, rigidity, conductivity, etc. are taken into consideration for the application to an optical 
material or electronic material. 

[0007] Moreover, a crack was not able to go into the depositing fihn and the fihn which continued over the whole substrate was 
not able to be formed. 

[0008] For this reason, the method for forming on the practical substrate which has conductivity was searched for so that a crack 
might not be produced for the meso porous thhi fihn which has a stacking tendency over the latus range of a substrate. 
[0009] 

[Means for Solving the Problem] this invention was made in view of the above-mentioned trouble, and offers the easy method of 
forming the meso porous thin film which has a stacking tendency on a practical substrate, without producing a crack in the latus 
range. 

[0010] Then, let this invention be the silica meso structure thin fihn characterized by arranging the meso structure thin fihn on the 
single crystal substrate of a direction where the atomic arrangement in a front face has symmetric property twice. 
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[001 1] Furthermore, the sihca meso structure thin fibn whose single crystal substrate of a direction where the atomic arrangement 
in the aforementioned front face has symmetric property twice is a substrate (1 10) of the single crystal which has a diamond type 
structure or a zincblende structure is desirable. 

[0012] Then, let this invention be the meso porous silica thin film characterized by arranging the meso porous thin fihn on the 
single crystal substrate of a direction where the atomic arrangement in a front face has symmetric property twice. 
[0013] Furthermore, the meso porous silica thin fihn whose single crystal substrate of a direction where the atomic arrangement 
in the aforementioned front face has symmetric property twice is a substrate (1 10) of the single crystal which has a diamond type 
structure or a sphalerite type is desirable. 

[0014] Moreover, in this invention, it considers as the creation method of the silica meso structure thin fihn characterized by 
forming a meso structure thin film on the single crystal substrate of a direction where the atomic arrangement in a front face has 
symmetric property twice under an acid condition in the creation method of the silica meso structure thin fihn which understands a 
sihcon alkoxide an added water part and creates it under existence of a surfactant. There is a substrate (1 10) of the single crystal 
which has a diamond type structure or a zincblende structure as most general thing of the single crystal substrate of a direction 
where the atomic arrangement in a front face has symmetric property twice, and as a single crystal substrate material, when silicon 
and a gallium arsenide are used, the thin fihn of a good stacking tendency can be obtained. 

[00 1 5] the meso structure said here showing the thing of a state [ having held the aggregate of a surfactant in meso pore ], 
removing a surfactant from the meso structure, and making the inside of meso pore hollow -- meso — it becomes the porous 
matter 

[00 16] fri this case, even if held in a reaction solution, the substrate at the time of depositing a fihn on a substrate may be held so 
that a reaction solution front face may be touched in the near front face where orientation of a substrate was given, hi order to 
form a flat meso structure thin fihn, as for the substrate (1 10) of the single crystal to be used, it is desirable to use that by which 
the front face was ground. 

[0017] Moreover, since the natural oxidation fihn is formed in the single crystal substrate front face when using silicon as a single 
crystal substrate, if a silicon substrate is processed with a hydrofluoric-acid solution and a surface oxide fihn is removed just 
before fihn formation, the meso structure thin fihn which has a good orientation state can be obtained. Since a surface oxide phase 
is removable with an acid reaction solution in the case of a gallium-arsenide substrate, this operation is imnecessary. 
[0018] Furthermore, this invention is the formation method of the meso porous thin fihn by removing a surfactant from the meso 
structure thin fihn created by the above-mentioned method. Although the method of removing a surfactant from the meso structure 
has baking of the meso structure, extraction by the solvent, a method using the fluid of the super-critical state, etc., it is possible to 
use, if it is the way a surfactant is removable, without destroying meso pore structure even if it is also by methods other than this. 
Hereafter, this invention is explained using an embodiment. 
[0019] 

[Embodiments of the hivention] The reaction container used for formation of the meso structure thin fihn of this invention is the 
thing of composition like drawing 2 . If the quality of the material of a reaction container has the resistance over a chemical, 
especially an acid, there is especially no limitation and it can use a thing like polypropylene or Teflon, hito the reaction container, 
the substrate electrode holder of the acid-proof quality of the material is placed like drawing 2 , and a substrate is held using this. 
Although drawing 2 has shown the example which holds a substrate horizontally, maintenance of a substrate is not limited 
horizontally. Moreover, although it is common to hold in a solution like drawing 3 (A) as for the substrate, when the near front 
face where orientation of a substrate was given like drawing 3 (B) is held so that a reaction solution front face may be touched, it 
can form the same fihn. A reaction container may be put into the airtight container of the rigid high quality of the material still like 
stainless steel so that it may not be destroyed, even if a pressure is applied into a reaction. 

[0020] hi this drawing, a reaction solution mixes acids, such as a hyckochloric acid, in surfactant solution, and mixes the alkoxide 
of sihcon like a tetrapod ethoxy silane to what was adjusted to less than [ pH=2 ] which is the isoelectric point of Si02. A 
surfactant is suitably chosen from a cation nature surfactant like the 3rd class alkylammonium, an alkylamine, a nonionic 
surfactant like a polyethylene oxide, etc. The length of the surfactant molecule to be used is decided according to the pore size of 
the target meso structure. Moreover, in order to enlarge the path of a surfactant micell, you may add an additive like a mesitylene. 
As for the concentration of a surfactant, the optimal concentration is suitably determined by the kind of surfactant. 
[0021] An acidity side, near the isoelectric pomt, especially the generating speed of precipitation of Si02 is small, and 
precipitation does not generate it momentarily after addition of an alkoxide like [ in the case of the reaction under basic conditions 
I 

[0022] The atomic arrangement in a front face uses for a substrate the single crystal of the diamond type structure represented by 
silicon, or the substrate (1 10) of the zincblende structure represented by the gallium arsenide as a single crystal substrate of the 
direction which has symmetric property twice. Generally the influence which it has on the stacking tendency of the meso complex 
thin fihn in which there are especially no restrictions in the size of a substrate, and the dope kind to a substrate and resistance of a 
substrate are formed, and a continuity is very small. The ofif-angle from the direction (1 10) of the crystal orientation of a substrate 
is so good that it is small. 

[0023] The meso structure of a silica can be deposited on a substrate on such conditions. The temperature at the time of making it 
deposit is chosen in an about 60- 1 00-degree C temperature field. There is an inclination for the structure of a meso pore where 
reaction temperature is formed in a low case to be confiised. As for reaction time, such a fihn with it is formed in several hours - 
about several months that time is short. [ thin ] 
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[0024] Thus, after pure water washes the fihn formed on the substrate, the air drying of it is carried out in air, and a siUca meso 
complex thin fihn is obtained. 

[0025] A meso porous siHca thin fihn can be created by removing the surfactant micell of a template from this sihca meso 
complex. Removal of a surfactant is chosen from baking, extraction by the solvent, extraction by the fluid of the super-critical 
state, etc. For example, a surfactant can be completely removed from a meso structure thin fihn by calcinating at 550 degrees C 
for 10 hours among air, without destroying most meso structures. Moreover, if meanses, such as solvent extraction, are used, 
although removal of 100% of surfactant is difficult, it can prevent oxidization of the substrate single crystal material which 
happens at the time of baking. 

[0026] By depositing the meso structure in the low side of the symmetric property of a crystalline substrate, the summary of this 
invention described above grew up the particle in the specific direction of a crystalline substrate, and arranged the direction of the 
pore in a particle over the whole fihn. 

[0027] Hereafter, although this invention is fiirther explained to a detail using an example, this invention is not limited to these 
examples and also contains that from which a surfactant kind, an alkoxide kind, a reaction condition, etc. differ within lunits by 
which this invention is attained, 

[0028] The thin fihn which has the 1 -dimensional conductivity which made the metal nano wire form in the interior of the pore by 
introducing and calcinating an organic-metal molecule as what [ use-/ a thing ] of the stacking-tendency meso porous silica thin 
film of this invention for example can be mentioned. 
[0029] 

[Example] (Example 1) this example is an example which created the silica meso structure thin fihn and the meso porous silica 
thin film on the silicon-single-crystal (110) substrate. 

[0030] After cutting one side polish, p type, and Si (1 10) substrate of lOOohms of specific resistance cm into a 2cmx2cm size, it 
processed with 1% of hydrofluoric-acid solution, and the surface natural oxidation fihn was removed. Since the front face of a 
silicon wafer will become hydrophobic if a natural oxidation fihn is removed, removal of a natural oxidation fihn can be checked. 
After this processing, after pure water fully washed the substrate, it inserted into the substrate electrode holder so that a polished 
surface might become downward, and put into the Teflon container. 

[003 1] After dissolving 2.82g of cetyl trimethylammonium chlorides in 89.6ml pure water, 72. 1ml of hydrochloric acids was 
added 36%, and it stirred for 2 hours, and considered as the acidic solution of a surfactant. Tetrapod ethoxy silane (TEOS) 1 .78ml 
is added to this solution, and it stirs for 2 minutes and 30 seconds, and puts in into the Teflon container of the composition of 
drawing 2 containing the substrate electrode holder holding the above-mentioned substrate, and the substrate was held in the 
solution. Final solution composition is a mole ratio and is an H20 100:HC1 I0.5:cetyl trimethylammonium chloride. 0. 1 1 :TEOS 
It is 0. 10. This container was covered, and after putting into the airtight container of fiirther the product made from stainless steel, 
it held in the oven kept at 80 degrees C. The holding time was made into 2 hours - two weeks. 

[0032] The substrate contacted in the predetermined time reaction solution was taken out from the container, and after pure water 
fiilly washed, it was used as a sample. 

[0033] After drying the substrate contacted in the reaction solution for 2 hours, the configuration observed with the optical 
microscope of tiiie meso structure created on the substrate (1 10) is typically shown in drawing 4 (A). As shown in this drawing, on 
the substrate (1 10), each particle was extended by 1 shaft orientations, and the direction of a major axis of the particle had 
gathered towards simultaneously regularity. On the substrate held for one week, the continuous fihn which has gloss is formed 
into the reaction container, and it gazed at the organization of a long and slender configuration which has directivity as shown in 
drawing 4 (B). 

[0034] The substrate in which the thin fihn of this silica meso structure was formed was analyzed by X-ray diffraction analysis. 
Consequently, hexagonal structure of 3.50nm of spacings (100) The strong diffraction peak which belongs to a field was checked, 
and it was confirmed that this thin fihn has hexagonal pore structure. Since a diffraction peak was not accepted in the field of a 
wide angle, it turns out that the silica which constitutes a wall is amorphous. 

[0035] hi order to investigate the orientation of the meso pore in this silica meso structure, the edge portion of the particle of 
drawing 4 (A) was observed with the high resolution scanning electron microscope. Consequently, as typically shown in drawing 
5 , stripes with an interval of about 40A were observed in parallel with the direction of a major axis of a particle. This striped 
pattern was accepted also with the edge of the organization on a continuation fihn. From this, the orientation of the meso pore 
within the meso porous silica fihn created by this example was checked. 

[0036] The substrate which created the thin fihn of this silica meso structtire was put into the muffle fiimace, the temperattire up 
was carried out to 550 degrees C by 1-degree-C programming rate for /, and it calcinated in air for 10 hours. As compared with 
baking before, the big difference was not accepted in the configuration on the front face of a substrate after baking. Furthermore, 
as a result of X-ray diffraction analysis of the thin fikn after baking, the strong diffraction peak of 3.3nm of spacings was 
observed, and it was confirmed that hexagonal pore structure is held. After baking, the diffraction peak was not checked in a wide 
angle field, but it was checked that the silica of a wall is still amorphous. Moreover, it was confirmed that the organic substance 
component which afready originates m a surfactant does not remain in the sample after this baking by analysis of an infrared 
absorption spectrum etc. 

[0037] When the thin fihn before and behind baking was cut using the focal flume-on beam (FIB) in the direction perpendicular 
to the direction of a major axis of long and slender structure which is observed by drawing 4 and 

transmission-electron-microscope (transverse electromagnetic) observation of a cross section was performed, in any case, the 
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pore of hexagonal structure was checked by the cross section, and carrying out orientation of the meso pore in this direction was 
checked also here. The ** type view at the time of observing the cross section of a sihca meso complex thin film is shown in 
drawing 1 . 

[0038] Thus, silica meso complex and the continuation fihn which has the stacking tendency of a meso porous silica were able to 
be formed on the silicon (110) substrate. 

[0039] In this example, when it held instead of holding a substrate in a solution so that a polished surface (110) may be contacted 
on a solution front face, the same silica meso complex thin fibn of structure and the meso porous silica thin fihn were able to be 
created. 

[0040] (Example of comparison) After cutting one side pohsh, p type. Si (100) of lOOohms of specific resistance cm, and (1 1 1) a 
substrate into a 2cmx2cm size, it processed with 1% of hydrofluoric-acid solution like the example 1, and the surface natural 
oxidation film was removed. After this processing, after pure water fiilly washed the substrate, it inserted into the substrate 
electrode holder so that a polished surface might become downward, and put into the Teflon container. 
[0041] hi Si (100) substrate, the atomic arrangement in a front face has symmetric property 4 times, and the surface atomic 
arrangement has symmetric property 3 times in the substrate (111). 

[0042] After having adjusted the surfactant solution of the same composition as an example 1, adding TEOS of an example 1 and 
the amount of said and stirring for 2 minutes and 30 seconds, it puts in into the Teflon container containing the substrate electrode 
holder holding the above-mentioned substrate, and the substrate was held in the solution. After putting into the airtight container 
same after this made from stainless steel as an example 1 , it held in the oven kept at 80 degrees C. The holding time was made 
into 2 hours - two weeks. 

[0043] The substrate contacted in the predetermined time reaction solution was taken out from the container, and after pure water 
fiilly washed, it was used as a sample. 

[0044] After drying the substrate to be contacted in a reaction solution for one day, the configuration observed with the optical 
microscope of the meso structure fihn created on the substrate ( 1 1 1 ) is typically shown in drawing 6 . As shown in this drawing, 
on the substrate (111), each particle did not gather in the specific direction, but fiision of random particles was checked. By the 
sample held in the one-week or more reaction container, although the fihn with the continuous gloss was obtained, it gazed at the 
random stripe-like organization which originates in a grain boundary in an optical microscope, (100) It was ahnost same with the 
structure where the configuration of the fihn formed on a substrate is also formed on a substrate (111). 

[0045] The orientation of the meso pore inside a particle was investigated using the high resolution scanning electron microscope 
like the example 1 . Consequently, in the edge of the particle of a random configuration, the stripe of the shape of stripes parallel to 
the configuration of a particle was observed, and having not carried out uniaxial orientation of the meso pore inside a fihn in a 
field was checked. 

[0046] (Example 2) this example is an example at the time of using the substrate (1 10) of a gallium arsenide as a substrate. 
[0047] After cutting one side polish, p type, and the GaAs (110) substrate of lOOohms of specific resistance cm mto a 2cmx2cm 
size, it inserted into the substrate electrode holder so that a polished surface might become downward, and held in the solution of 
the same composition as what was used in the example 1 in the Teflon container. The holding time was made into 2 hours and 
two weeks. 

[0048] The substrate contacted in the predetermined time reaction solution was taken out from the container, and after pure water 
fully washed, it was used as a sample. 

[0049] the configuration observed on the silicon (110) substrate when it observed with the optical microscope, after drying the 
GaAs (110) substrate contacted in the reaction solution - ahnost - the same - the deposit of the long and slender meso structure 
particle to which the direction was equal was checked On the substrate held for one week, the continuous film which has gloss is 
formed into the reaction container, and it gazed at the organization of a long and slender configuration which has directivity like 
the case where it is silicon (110). 

[0050] Like the case of an example 1 , as a result of examining the structure of this film, it was checked by X-ray diffraction 
analysis that the silica meso structure thin fihn which has hexagonal pore structure like a silicon-substrate top is formed also on a 
gallium-arsenide substrate. 

[005 1] When the high resolution scanning electron microscope investigated the orientation of the meso pore in this silica meso 
structure, the stripe with an interval of about 40 A was observed by the direction of a major axis of a particle, and parallel at the 
edge of the particle which carried out orientation like the case of the sihcon substrate of an example I , and the orientation of the 
meso pore within a fihn was checked. 

[0052] When this meso structtire thin fihn was immersed into ethanol and extraction was tried at 70 degrees C for 24 hours, 90% 
or more of surfactant was once removed from the silica meso structure thin film by extraction. By the sample which repeated the 
same extract operation twice and performed it, 95% or more of surfactant was removable. The meso porous silica was obtained 
by drying the thin fihn after extraction and removing ethanol. 

[0053] Although it was difficult for the way used for this example solvent extraction removes a surfactant micell to remove a 
surfactant completely, it was shown that it is efifective in heat treatment in an oxidizing atmosphere as a method excluding a 
surfactant from the silica meso complex thin fihn formed on the comparatively weak substrate. 

[0054] (Example 3) this example is an example which removed the surfactant and created the orientation meso porous sihca thin 
fihn by extraction using the fluid of the super-critical state from the silica meso complex formed on the substrate, an example 1 - 
the same ~ the silica meso structure thin fihn was created in the procedure as an example 1 in which it is the same on a silicon 
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(110) substrate 

[0055] This meso structure thin fihn is immersed into ethanol, and the liquid phase in complex is completely replaced by ethanol. 
In this case, as the example 3 described, a surfactant is eluted in ethanol. Then, the thin fibn sample was paid into the 
super-criticality dryer of composition like drawing 7 , and the organic substance was extracted by the super-critical condition of 
3 1 degrees C and 72.8 atmospheric pressure, using a carbon dioxide as a fluid. It was checked that the organic substance was 
hardly able to remain in the meso porous silica after making it dry under a super-critical condition, but the surfactant had been 
removed nearly completely by analysis of an infrared absorption spectrum etc. drawing 7 -- setting -71 - C02 bomb and 72 - a 
chiller and 73 - a pump and 74 -- in a heater and 77, separator and 78 show a gas meter and 79 shows [ a pre-heater and 75 / an 
extractor and 76 ] a bulb 

[0056] The method used by this example is a method that a surfactant can be removed more completely, in low temperature, 
although equipment more complicated than the method stated in the example 3 is needed. 

[0057] Moreover, a meso porous silica thin fihn can be obtained in the dryness using the fluid of the super-critical state, without 

completely destroying meso structure, since stress generated at the time of dryness can be set to 0. 

[0058] 

[Effect of the Invention] As explained above, according to this invention, the atomic arrangement in a front face can form the 
silica meso complex thin fihn which has a stacking tendency, and a meso porous silica thin fihn by using the substrate (1 10) of the 
single crystal which has the single crystal substrate of the direction which has symmetric property twice, for example, a diamond 
type structure, and a zincblende structure. 


[Translation done.] 
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